Abstract-Effects of a newly synthesized xanthine derivative propentofylline (3,7 dihydro-3-methyl-1-(5-oxohexyl)-7-propyl-1 H-purine-2,6-dione) on learning and memory of rodents were examined in the two different paradigms. In a shuttle box active avoidance paradigm, propentofylline (25 mg/kg/day, p.o.) improved the decreased learning ability of 12-month-old spontaneously hypertensive rats. Normotensive Wistar-Kyoto rats at a comparable age showed rapid acquisi tion of avoidance learning, which was not influenced by propentofylline.
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Step down passive avoidance task was carried out as the other paradigm. The protein synthesis inhibitor cycloheximide (CXM) induced amnesia in young adult mice. Propentofylline improved the memory deficit when intraperitoneally admin Propentofylline (3,7-dihydro-3-methyl-1 (5-oxohexyl)-7-propyl-1 H-purine-2,6-dione, Fig. 1 ) is a new xanthine derivative which has been reported to increase cerebral blood flow (1) , prevent cerebral metabolic dis order in anoxia (2) , and improve cerebral edema (3) . These properties imply that propentofylline improves impairment of learning and memory. However, the com pound has not been tested in detail for its effects on impaired learning and memory in animals.
The present study was undertaken to examine such effects of propentofylline using two different experimental paradigms. One was a shuttle box active avoidance task in aged spontaneously hypertensive (SHR) rats. According to the report of Hecht et al. (4) , SHR rats showed an age-dependent decrease in active avoidance performance. In addition, administration of a substance P analogue normalized the disorder in the avoidance performance of SHR rats. Their observations suggest that the aged SHR rats are useful for the evaluation of drugs on learning and memory.
The other paradigm used was a step-down passive avoidance task in young adult mice with cycloheximide (CXM)-induced amnesia. Amnesia is known to be caused by protein synthesis inhibitors such as CXM (5) (6) (7) (8) (9) . The inhibitors are supposed to induce amnesia by interfering with a retrieval process of memory. Therefore, in the passive avoidance task, the effect of the drugs on the retrieval process of the memory can be estimated.
Materials and Methods
Animals: Twelve-month-old male SHR rats were from our own breeding stock and 12 month-old male normotensive Wistar-Kyoto (WKY) rats were purchased at 4 weeks of age The conditioning signal used was a com bination of sound and light with a duration of 7.5 sec followed by continued sound and light and a 0.1-4.0 mA foot shock via the grid floor with a duration of 7.5 sec. The inter-trial interval was 15 sec. The number of avoidance responses during the warning period preceding the shock was recorded. Propentofylline (25 mg/kg) was adminis tered orally in a volume of 0.4 ml/100 g B.W. immediately after each session. The oral route was used to prevent the aged animals from being infected due to 1 5-day repeated administration.
The dose of 25 mg/kg was selected because propentofylline at 3 to 30 mg/kg had been shown to possess pharma cological actions such as increasing blood flow (1) and improving energy metabolism in the brain of animals (2) . The blood pressure of each animal was determined by the tail cuff method after the termination of the study.
Step-down passive avoidance task in mice with CXM-induced amnesia: The test ap paratus was a box (20 cm wide, 23 cm long, and 24 cm high) with an electrifiable grid floor and a platform (8 x 8 x 1.5 cm) in one corner. A mouse was placed on the platform and the original latency was determined. As soon as the animal moved off the platform, a 0.28-mA current was delivered for at least 3 sec to the grid floor until it escaped from the shock. The mouse was allowed to remain on the platform for 8 sec, and it was then returned to the grid floor and given a foot shock for at least 5 sec. Thirty seconds after the animal jumped back onto the platform, it was removed to its home cage. A retention test was performed 24 hr after acquisition of the passive avoidance response. The testing procedure was the same as for the training except that no foot shock was given. Each mouse was placed once on the platform to test the retention of the learned response. The criterion was whether the animal remained or not for at least 180 sec on the platform. The results were expressed as percent of animals per group that showed the step-down latency of 180 sec or more.
Statistics: The significance of difference between test and control groups was analyzed by the chi-square test, Student's t-test and the Mann-Whitney U-test.
Results
Shuttle box active avoidance performance in SHR rats: Figure 2 shows the results in 12-month-old SHR rats. In the controls given saline alone, the number of correct responses remained small through all the sessions.
The performance of the treated animals was the same as that of the controls until the 9th session, but significantly higher at the 10th to 15th sessions except at the 11th.
In 12-month-old WKY rats, pro pentofylline did not affect avoidance per formance; the number of correct responses in the control and treated groups increased at the 6th to 14th sessions as shown in Fig. 3 .
After the end of 15th (or 14th) training session, no difference occurred in the blood pressure between the treated and control groups in either SHR or WKY rats (Table 1) .
Step-down passive avoidance performance in mice with CXM-induced amnesia: To evaluate the effect of propentofylline on the retrieval process of memory disturbed by CXM, the compound was intraperitoneally administered at doses of 3.8, 7.5, 15 and 30 mg/kg at 30 min before the retention test. The 4 doses were determined by the preliminary experiment. The results are given in Table 2 . The retention in the group given CXM plus saline (10.5%) was significantly lower than that in the control group given saline alone (49.1%); that is, amnesia was surely produced by CXM in mice.
The percentages of animals showing passive avoidance in the groups given 7.5, 15 and 30 mg/kg were, respectively, 31.0, 33.3 and 40.0%, which were all significantly higher than the value for the CXM plus saline group.
To determine whether propentofylline itself had a prolonging effect on the step down latency, it was administered at 30 mg/kg to naive mice, and then their step down latency was measured 30 min later. Their latency expressed as the mean±S.D. (7.6+3.9 sec, n=22) did not significantly differ from that of untreated control animals (11.8+6.1 sec, n=20) when analyzed by Student's t-test, at P<0.01.
Propentofylline was intraperitoneally ad ministered at doses of 15 and 30 mg/kg 15 min before CXM to determine whether it prevented CXM-induced amnesia. The results are shown in Table 3 . Retention performance in the group given saline plus CXM (12.5%) was significantly lower than that in the control group given saline alone M. Goto, N. Demura & T. Sakaguchi Fig. 3 . Effect of propentofylline on shuttle box avoidance performance in 12-month-old male Wistar Kyoto rats. The experimental procedures were the same as in Fig. 2 except that the compound was administered for 14 days. Closed circle, propentofylline (n=9); open circle, control (n=8). Table 1 . Blood pressure (mmHg) of spontaneously hypertensive (SHR) and Wistar-Kyoto (WKY) rats at 1 2 months of age after study of propentofylline for its effect on shuttle-box avoidance performance (68.4%). The percentages of mice acquiring the learned task were 35.1 and 37.1 % at 15 and 30 mg/kg, respectively. The values were both significantly higher than that for the saline plus CXM group, indicating that pro pentofylline prevented the amnestic effect of CXM. Table 2 . Improving effect of propentofylline on cycloheximide (CXM)-induced amnesia for step-down avoidance task in mice CXM was intraperitoneally injected at 120 mg/kg 15 min before training. Propentofylline was intra peritoneally administered 30 min before the retention test, which was performed 24 hr after training. ?Significantly different from the saline+saline group at P<0.01, *Significantly different from the CXM+ saline group at P<0.05, **Significantly different from the CXM+saline group at P<0.01 (chi-square test). Table 3 . Preventive effect of propentofylline on amnesia induced by cycloheximide (CXM) for step down avoidance task in mice CXM was intraperitoneally injected at 120 mg/kg 15 min before training.
Propentofylline was intra peritoneally administered 30 min before training (i.e., 15 min before CXM). tSignificantly different from the saline+saline group at P<0.01, *Significantly different from the saline+CXM group at P<0.05 (chi-square test).
in lever press avoidance performance (4). The reason why the aged SHR rats showed a lower ability of learning is not clear; however, it is thought to be caused by chronic hypertension.
The successive administration of pro pentofylline (25 mg/kg/day, p.o.) could improve the learning of SHR rats in the shuttle box active avoidance performance, but the compound had no effect on the performance of WKY rats (Fig. 3) . There may be a possibility that propentofylline had an increasing effect on rat spontaneous ac tivity and that only the improving effect on learning noted was apparent. However, this possibility can be excluded because our kinetic studies in rats (10) revealed that (a) the biological half of propentofylline in the blood was about 30 min and (b) almost 90% of the compound was excreted into urine and feces within 24 hr. In the present study, propentofylline was administered im mediately after each test session and inter vals between the sessions were 24 hr; it is reasonable to suppose that propentofylline did not affect rat spontaneous activity. Actually, SHR rats acquired the shuttle box avoidance task gradually with advanced sessions, indicating that the compound im proved the lowered performance of aged SHR rats.
In the passive avoidance paradigm, pro pentofylline improved and prevented dose dependently CXM-induced amnesia (Tables  2 and 3 ). Since memory deficit induced by protein synthesis inhibitors such as CXM was temporal (5, 11, 12) 
